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Abstract 
This is an experimental study of a photoretinoscopic apparatus based on the Badal 
optometer principle. The experimental set-up consisted of a two-element object array, 
+13.375 D input lens, +1.875 D intermediate lens, and +2.00 D output lens. An 
emmetropic human eye analogue was used to test the accuracy of the apparatus. One of 
the image sizes in the eye analogue was 20% larger than the other showing some 
departure from the Badal configuration, possibly due to errors in setting up optics for 
confocal relations. There is also a need for greater flux uniformity of the light source, 
and better quality lenses, so as to reduce aberrations, thereby enhancing 
resolution. 
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Introduction 
Photoretinoscopy is an objective method of determining the refractive state from 
photographs of the fundus reflex. It is based on the optical principles of retinoscopy 
which is where it got its name (also photoskiascopy, photorefraction). In retinoscopy, a 
light source is directed to the patient's fundus which acts as a secondary source for light 
that exits the eye. This is seen as the fundus reflex as It fills the pupil. The vergence of the 
emerging light depends upon the refractive state and would be convergent for myopia and 
divergent for hyperopia. As such. the conjugate foci for the secondary source would be in 
front of the eye for myopia and behind the eye for hyperopia. 
There are two types of photorefraction techniques, isotropic and orthogonal. Isotropic 
photorefraction. developed by Atkinson et al (1) . uses a SLR 35 mm camera with a fiber 
optic light guide as the light source. The fiber optic light guide is centrally mounted in a 
metal tube that screws onto the front of the camera lens (2). 
The procedure places the child 75 em from the camera and takes three pictu res with the 
camera focused at the 50, 75, and 150 em distances (1). The picture focused at the subject 
plane is used to measure pupil size and check for asymmetry of the fundus reflexes 
between the two eyes. The child's attention is directed at the camera and the pupil images 
should be bright and clear for a subject fixating the camera. A hyperopic subject would 
have his conjugate focus in the 150 em range producing smaller blur circles compared to 
the other two pictures. Smaller blur circles in the 50 em focus indicate a myopic error. 
Figure 1. 
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Circles: measured size of photorefractive blur images for 
known refractions produced by an adult subject wearing 
a series of lenses under cycloplegia. Dotted line: size of 
images predicted by computer ray tracing. (From 
Atkinson, et al. 1984.) 
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Astigmatic errors are detected when the pupil image appear elongated or elliptical, the 
long axis corresponding to the meridian of greatest defocus (2). Quantitative 
interpretation is calculated theoretically by computer ray tracing or by empirical 
comparison with a series of calibrated photographs (1). 
Figure 1 shows that the empirical measures are smaller than the theoretical 
predictions (3). This is attributed to the uneven spread of the light distribution at the 
extreme outer limit of the large, diffuse, blur cirlces (2). Thus, the exact quantification of 
large errors cannot be determined accurately. Photoretlnoscopic values based on 
empirical calibration have correlated fairly well with retinoscopy as shown in Fig. 2 (3). 
Comparison of two independent interpretation of the photorefractive measurements 
also show good reliability and agreement, Fig. 3 (3). 
Orthogonal photorefraction, developed by H. Howland & B. Howland (4), employs a SLR 
35 mm camera with a fiber optic light guide mounted in the center of an array of pie-
shaped cylinder lens sectors and placed in front of the camera's wide-aperture lens. As a 
result of the cylinder lens, a star shaped image is formed. Since the defocus is in two 
meridians at right angles, it is called orthogonal photorefraction, in contrast to isotropic 
where the defocus is equal in all meridians (2). The refractive error magnitude is directly 
proportional to the length of the star arms. Quantitative interpretation method is the 
same as isotropic. Astigmatic errors are calibrated only by empirical comparison with a 
series of photographs. Chromatic aberration is used to determine the sign of the 
refractive error which makes it necessary to take a minimum of six photographs (4). 
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Figure 2. Comparison of photorefraction measures 
with retinoscopic refractions of 383 infants. 
The dashed line indicates exact equality, and 
the solid diagonal line is the best fitting 
linear relationship. (From Atkinson, et al. 
1984.) 
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Figure 3. Rellability of photorefractlon Each point 
represents the comparison of two independent 
photorefracUve measurements on the same eye 
(from 691nfants) . (From Atkinson, et al. 1984.) 
1\vo-flash photoskiascopy, a method that bears resemblance to the isotropic procedure 
was developed by Kaakinen, et a1 (5). The camera is focused at the plane of the pupil while 
the patient's attention is directed to it. One picture is needed to determine the type of 
refractive error or anisometropia based on the characteristic of the pupil reflex. A 
crescent-shaped pupil reflex with the bright part on top indicates myopia and at the 
bottom indicates hyperopia. There is a certain range of refractive error that will either 
allow no light to appear in the pupil or fill it completely with light making interpretation 
difficult (2). 
Figure 4. Result of the Kaakinen study shows refractive 
errors greater than or equal to +2.00 or -4.00 
were possible to detect. Dots are areas where 
most of the refractive errors were found, 
+ 1.00 to -3.00 interval was missed. (From 
Sjostrand, et al. 1982.) 
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A photorefractlon study based on the technique of Kaakinen was conducted by 
Sjostrand, et al (6). Their results are shown in Fig. 4. Significant changes in the fundus 
reflex can be seen for refractive errors greater than or equal to +2.00 or -4.00 D. A blind 
interval of +1.00 to -3.00 D showed no observable fundus reflex changes. Fig. 5 from the 
same study shows good correlation between retinoscopy findings and two independent 
photoretinoscopic interpretations. It, however, has the disadvantage of being impossible 
to get proper fundus reflexes in children with dark fundus. 
s 
It is obvious that photoretinoscoplc technique can be widely utilized in the rapid and 
reliable refractive determination of infant vision. Aside from refractive and strabismic 
eye disorders, manifest leukocoria as a sign of ocular disease can be detected with this 
technique (5) . Cycloplegia is necessary but all that is required from the subject is to look 
at the camera to have his pictures taken. 
The purpose of this study is to determtne the feasibility of a Badal-type 
photoretlnoscope (7). This type of apparatus was designed to solve problems inherent in 
the methods described above, e.g., inadequate sensitivity, and the need for more than one 
photograph per eye. An array of objects distributed along the axis provides various 
dioptric vergence values to the test eye enabling determination of refractive error from a 
fundus photograph. Image sizes would be equal to each other, as predicted by the Badal 
principle. 
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Figure 5. Retinoscopy compared to photorefracUon. For 3 groups of 
refractive errors the results of the retinoscopy and the results 
of the two independent photorefraction observers (A and B) 
are shown. Normals are defined as refraction values between 
+1.5 and -3.5 diopters. (From Sjostrand, et al. 1982.) 
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Materials & Method: 
The Badal-type photoretinoscopic apparatus designed by Dr. J. Urness (7) was modified 
for initial testing. Light source used was a 75 W frosted tungsten lamp. Two 
transilluminated holes, constructed from paper comprise a two element object array. 
The centers of the two objects are 3 mm apart vertically and 1 em apart horizontally. One 
em axial separation is equivalent to 2.00 D vergence difference at the nodal point of the 
test eye. 
One of the objects is placed at the focal point of the primary lens. The primary lens is 
+13.37 D, the intermediate lens is +1.87 D. and the output lens is +2.00 D. The lenses are 
separated according to the sum of their focal lengths. Two mirrors are used to fold the 
system for efficiency and due to space restrictions. Fig. 6. 
The human eye analogue has the dimensions shown in Fig. 7. and is set at emmetropia. 
Observations were made with a Hitachi viewer, an accessory to a Hitachi video camera. 
All of the optical tools and materials used were obtained from the Pacific University 
Visual Optics Research laboratory. 
Results: 
The images of the objects were not as predicted with the Badal principle. One of the 
image sizes was 20% larger than the other, possibly due to errors in setting up optics for 
confocal relations. Minor adjustments on the system did not make any difference on the 
image size. There was also excess light scattering along the intermediate and output lens 
paths. 
Discussion: 
From the above results, some modifications need to be done to make the system 
operational. A constant image size is possible with the use of better quality lenses and 
flux-uniformed light source. An additional stop is needed between P1 & P2 for more 
accurate imaging of limiting stop at eye. 
There is also the possibility of using opaque objects on trans parent plates. This makes 
fabrication easier and there is a less critical need for flux uniformity. The objects can 
also be arranged in a circular fashion to limit space. Finer optics are necessary for the 
continuation of this project. Work on this project is continuing with the aim of using the 
device to screen refractive errors of children of all ages. 
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Figure 6. Diagram of Badal Photoretinoscopic apparatus 
P1 - + 13.375 D 
P2- + 1.875 D 
P3-+ 2.00 D 
Distance between F1 & PI - 7.5 em 
Distance between P1 & P2 - 61 em 
Distance between P2 & M1- 28.5 em 
Distance between M 1 & M2 - 50 em 
Distance between M2 & P3 - 25 em 
Distance between P3 & eye - 50 em 
Distance between upper & lower set-up- 19.6 em 
Re: (M2) Small aperture can be made in llie mirror to serve as 
camera window and high f-stop (2-4mm) 
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OPTICAL ELEMENT FOR HUMAN EYE ANALOGUE 
(DIMENSIONS ARE IN MM) 
NOT TO SCALE 
~--------\l 
A:z 
12---
20 
F2 
I 
I j 
p, = +57.65 D; P2 = +18.15 D; Pv =-+125 76 o· f - 8 0 m ( A1F2 = 20 mm · · v- · m approx .) 
Figure 7. Optical element of human eye analogue 
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